Introduction Patients having severe hemophilia (levels of deficient factor below 1%) frequently suffer from disabling chronic arthropathy. An adequate substitution treatment using the coagulation factor VIII or IX concentrates renders an elective surgery feasible. Objective The objective of the study was to check the results of different surgical procedures in the treatment of hemophilic arthropathies, and to propose the best protocol of their treatment. Methods This is a retrospective study on 26 hemophilic patients operated in the Orthopedics and Trauma Clinic II, Timişoara, from 2002 to 2005. Elective surgical procedures were mainly performed in the knee (21 arthroscopic procedures, 1 open arthrodesis), elbow (2 open synovectomies, 2 radial head excisions), ankle (1 arthroscopic synovectomy and debridement) and thigh (1 giant pseudo tumor excision, other minor procedures). The results after operations on moderate and severe chronic knee, elbow and ankle arthropathy were evaluated, with approximately 24-month follow-up period. Results Arthroscopic procedures (22) yielded good and satisfactory results with significant improvement according to the evaluation criteria recommended by the World Hemophilia Federation (Gilbert clinical score, Pettersson radiological score, Nuss MRI score). Conclusion Mini-invasive elective surgery in moderate to severe chronic arthropathy produces good results when performed in a specialized centre and with multi-disciplinary approach.
INTRODUCTION
The most common manifestation of severe hemophilia (factor VIII/IX concentration less or equal to 1% of normal levels) is spontaneous or provoked joint and muscle hemorrhage, representing 80% of all bleeding episodes in hemophiliacs [1] . The knee joint is most frequently affected, followed by the ankle and the elbow. The cycle of joint deterioration starts with recurrent hemarthrosis that leads to synovial hypertrophy and chronic synovitis and evolves towards chronic arthropathy with disabling joint deterioration.
Conservative treatment for hemophilic arthropathy always includes substitution treatment (prophylactic -weekly administration, or "if required" treatment) with factor VIII (in A type hemophilia) or IX (in B type) concentrates, physiotherapy, anti-inflammatory medication and pain management. Avoiding the first hemarthrosis is the cardinal measure [2] . Other conservative measures comprise non-surgical chemical or radioactive synovectomy (synoviorthesis), intraarticular corticotherapy and intraarticular hyaluronic acid injections [3] .
Perpetual surgical objectives were life and limb salvage. Anemia, massive hematoma, infection and hemorrhagic choc were common and often fatal complications. The advent and development of VIII and IX factor concentrates makes elective surgery feasible. Before any operation on a hemophiliac is considered, it is essential to determine hemophilia type and severity, the presence of factor VIII or IX specific antibodies (circulating inhibitors -risk of fatal complications) and viral status. The availability of sufficient amounts of factor concentrate and blood products (including by-pass agents as VIIa coagulation factor) in the event of complications is crucial [4] .
Principles of surgery are multiple procedures during the same surgery, careful hemostasis, minimal and meticulous surgical approach, use of tourniquet whenever possible, local adjuvant measures (tranexamic acid, fibrin film) and additional surgical team safety measures due to high rate of viral infection (HIV, HCV, HBV) in these patients [5] .
In recent years, non-surgical synovectomy (synoviorthesis) has increasingly become the method of choice in treating the recurrent hemarthrosis and chronic hemophilic synovitis [6, 7] , but advanced stages of hemophilic arthropathy are associated with joint lesions that frequently require surgical management (Table 1) .
Close cooperation of the orthopaedic surgeon and hematologist is the key to success when treating the hemophilic skeletal complications.
The benefits of open and arthroscopic synovectomy in hemophilia were highlighted in different studies [8] [9] [10] [11] [12] [13] [14] [15] . Minimally invasive debridement and synovectomy procedures can be applied with good results in moderate and severe chronic hemophilic knee arthropathy, potentially evading the complications and high costs related to major surgery. Thus, one could avoid or substantially defer some of more radical procedures [5, 14, 16] .
OBJECTIVE
The objective of the study was to check the results of different surgical procedures in the treatment of hemophilic arthropathies, and to propose the best protocol of their treatment.
METHOD
In the period January 1, 2002 to December 31, 2005, 32 surgical interventions were performed in 27 patients with severe and medium type A (23 patients) and severe B hemophilia (4 cases), at the II Clinic for Orthopaedics and Traumatology Timişoara. Mean age was 19 (9-34) years.
The following procedures were performed: 21 knee arthroscopies, 1 ankle arthroscopy, 2 open elbow synovectomies and 2 radial head excisions, 3 elbow bursectomies, 1 giant thigh pseudotumor ablation, 1 external fixation for distal femoral fracture and 1 biopsy of thigh osteosarcoma. Twenty-four patients suffered from moderate to severe chronic arthropathy at various levels. The majority (21) had several joints affected with various degrees of disability. Twenty-one patients were infected with HVC or/and HVB. None tested were positive to HIV. Low titers of circulating inhibitors (anti factor VIII antibodies) were found in five patients.
Recurrent hemarthrosis was present in 21 cases prior to surgery (average 2.5 episodes/month), and in 8 former surgical patients (appendicectomy, calcaneal tendinoplasty, operated psoas hematoma, femoral shaft fracture, knee arthrodesis, infected limb hematoma). In 3 youngest patients with knee arthropathy (aged 9, 10 and 12 years, respectively), the knee was involved unilaterally, probably due to a shorter evolution, while the majority patients had bilateral involvement. Functional disability varied from mild to severe, mainly associated with severe pain (9 cases) and significant limitation of joint movement. An average joint movement of operated knees was 67.5°, with an average flexion deformity of 11°. Pronation-supination of the forearm on the side of the respective elbow was reduced to 45°. Flexion deformity of the operated elbows was also significant (50°-60°).
Preoperative deficient factor levels, viral status and inhibitor presence were determined. Radiographic evaluation included A-P and lateral views and 45° axial images of the knee joint. Magnetic resonance imaging of the affected joint and DXA bone densitometry of the lumbar spine and left hip were performed preoperatively in 22 and 23 patients, respectively.
The operated joints manifested moderate or severe stages of chronic hemophilic arthropathy, out of which there were 6 of stage VI according to Arnold and Hilgartner classification [1] (Table 2 ), 7 of stage V, 8 of IV and 2 of stage III. Radiographic Pettersson score [17] higher than 6 points out of maximum 13 was recorded in all operated joints.
Indication for elective surgery of hemophilic arthropathy was based on agreement between orthopedist and hematologist and consisted of abating the joint pain and marked reduction of joint movement, with/without the presence of recurrent hemarthrosis. The presence of circulating inhibitors in low concentration (less than 5 Bethesda units -B.U.) was not contraindication of the procedure. General contraindications were related to high concentrations of inhibitors and acute hepatitis.
The aim of the substitution protocol was to obtain 100% of deficient factor blood levels just prior to the operation using bolus administration of recombinant or monoclonal purified factor concentrates. This concentration was confirmed by preoperative factor dosage in patients with low titers of inhibitors (low responders). This blood level was maintained for the first 48 hours postoperatively using the continuous infusion (2-4 IU/ kg/h) and then decreased gradually, with bolus administration bid. Substitution was continued throughout the rehabilitation period for 4-6 weeks, using 20-30 IU/ kg twice a week in A hemophiliacs and three times a week in B type hemophiliacs. In 5 cases with low concentration factor VIII antibodies, the dosage of factor concentrates was adjusted. The second generation antibiotic prophylaxis was systematic.
Arthroscopies were performed by the same surgeon. All procedures included synovectomy ( Figure 1 ) and debridement, combined with the external and the internal patellar release in 4 cases and 1 case respectively, internal or external meniscectomy in 5 cases, osteophyte resection in 3 and loose body extraction in 5 cases. All arthroscopies were performed under general anesthesia and using the tourniquet. Anterolateral and anteromedial portals proved sufficient in all but one case of the knee arthroscopy. Synovectomy was carried out as thoroughly as possible with a shaver. Operated joints were immobilized for 24-72 hours postoperatively in a posterior splint or orthosis and full loading was allowed starting from day 2 or 3. Rehabilitation treatment was initiated on the second day and was continued in a specialized centre under supervision.
Joint alterations included chronic villous synovitis with hemosiderin impregnation and advanced chondropathy in all chronic arthropathy cases. The joint cartilage usually had severe macroscopic degenerative characteristics. Bone subchondral cysts were sometimes visible on arthroscopic examination.
Open synovectomy and radial head excision were performed in 2 elbows, with minimally 3cm-external incision. Synovectomy proved easier and more effective when arthroscopic shaver was used (Figure 2) . The lev- el of radial head resection was just below the ulnar radial facet preserving the annular ligament.
One patient complained of severe pain, compressive vascular and functional impairment due to a giant (30/25/20 cm) pseudo-tumor in the posterior thigh muscular compartment. Surgery succeeded in complete tumor resection, in spite of difficult dissection. The tumor consisted of red-brownish liquid (unclotted and degraded blood) and the capsule was composed of compressed muscle tissue.
There were no infections or neurovascular complications. One patient had a wound dehiscence due to subcutaneous hematoma. Two patients complained of hemarthrosis during the rehab treatment at 2 and 3 weeks after surgery. There were 4 cases of joint stiffness that were treated conservatively with success. One patient who underwent the arthroscopic knee synovectomy, debridement, lateral release and the resection of large osteophyte needed repeated surgical drainage of an organized hematoma. One patient required revision arthroscopy due to degenerative internal meniscus tear.
A serious hemorrhagic complication developed in a 12-year old patient with very severe chronic knee arthropathy (13 points in the radiological Pettersson score), with a fixed 45° flexion deformity, patellar external and posterior tibial subluxation, in which case the knee arthrodesis was performed. The patient had low titers of factor VIII inhibitors (1.7 B.U.) preoperatively. A subcutaneous hematoma led to marginal necrosis and wound dehiscence. Four days after debridement and secondary suture, the intractable profuse bleeding which could result in hemorrhagic chock had to be managed. Repeated determination of inhibitors showed a ten-fold increase (16 B.U.). The bleeding was eventu-ally controlled through local hemostatic measures (elastic bandage, local tranexamic acid) and the administration of large amounts of VIIa factor concentrate (NovoSeven).
Average hospitalization period was 14.6 days (7-21), followed by rehabilitation in a specialized centre for 1-2 months. Substitution therapy averaged 11500 IU of factor VIII concentrate/arthroscopy and 14500 IU/case.
Follow-up visits at 1, 2, 6 months and then annual visits included clinical and radiographic examinations. An average follow-up period was 24 months (12-48). The retrospective evaluation was performed using the 1981 classification recommended by the Orthopaedic Advisory Committee of the World Federation of Hemophilia [17] . This included pain assessment (0-3 points, Table  3 ), bleeding (0-3, Table 4 ), clinical score (0-12 points, Table 5 ) and radiographic score (0-13, Table 6 ). In addition, the Nuss score [18] was used to assess joint damage viewed on the MRI (Table 7) .
RESULTS
The difference between the joint score prior to surgery and at the end of the follow-up was determined and summarized in table 8. Good result (according to the grading system proposed by Rodriguez-Merchan et al., 1994 [13] ) was considered when the joint score was lessened by more than 5 points, satisfactory between 0 and 5 points and poor when the score was increased.
We obtained 15 good results (56.25%), 7 satisfactory (37.5%) and 2 poor (6.25%) results. Subjectively, 19 patients characterized the outcome as good, 4 as satisfactory and 1 as poor.
The best outcome was relative to hemarthrosis frequency which was consistently diminished to an average of 1 major episode/6 months. Joint mobility improvement was more modest, with an average increase of 12.6° in the knee arthroscopy patients. Among 4 patients with the chronic external patellar dislocation and lateral release, 3 had better joint movement. There was no increase of the radiological score at the end of the follow-up in any patient.
Both patients with radial head excision had significant pain reduction after surgery. Pronation-supination was improved by an average of 14° without marked advance for elbow flexion-extension. None manifested elbow instability.
Good statistical correlation of radiological Pettersson score and the MRI Nuss score (p<0.01) was found. There was no conclusive statistical correlation of the clinical and radiological score in both preoperative and follow-up period. The age at the time of surgery did not correlate with the improvement of the joint score, range of movement or bleeding frequency.
An interesting aspect was the lack of apparent correlation between the preoperative joint score and the outcome.
Lower bone marrow density (BMD) was omnipresent in these patients, while osteoporosis (T score lower than -2.5) was found in 15 patients. The incriminated mechanisms could be the lack of physical exercise and/ or malabsorptive syndrome due to hepatic impairment secondary to HVC infection [19] [20] [21] . Statistical correlation of the incidence of C type hepatitis virus and osteoporosis could not be established as evidence supporting the latter hypothesis. [17] . 
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DISCUSSION
The advent of synoviorthesis pushed indication for arthroscopy to the second intention procedure, after failure of chemical or radioactive synovectomy in early stages of arthropathy. High percentage of good and satisfactory results (20 out of 21 patients) obtained after arthroscopic procedures in moderate and severe stages of the knee and ankle chronic hemophilic arthropathy indicates the potential value of arthroscopy in later stages of joint deterioration. The lack of correlation between the degree of improvement at the end of the follow up and the severity of the joint score suggests that debridement and other arthroscopic procedures can result in significant improvement regardless of the degree of joint impairment in hemophilia.
The presence of circulating inhibitors can contraindicate an elective open surgery [22, 23] , and the treatment with factor VIII "by-passes", the agents such as an activated factor VII, is exorbitant [24] and insufficiently studied [21, 25] . Because of its low surgical trauma and factor replacement needs, arthroscopy can provide a solution in some patients with low concentration of factor inhibitors ("low responders" < 5 U.B).
Synovectomy coupled with radial head excision gave excellent results in 2 patients with severe chronic elbow arthropathy. Given the small incision, this procedure seems superior regarding the efficiency and surgical trauma to elbow arthroscopy in hemophilia.
The Nuss MRI score correlated well with the Pettersson radiological score, proving their relevance as tools of hemophilic knee image evaluation. However, in spite of its higher sensibility in detecting early modification of the joint, MRI seems redundant in moderate and severe (radiological) stages of hemophilic arthropathy. The incidence of lower bone density in these young patients (100%) is an aspect that needs further studies concerning the pathogenesis and treatment.
Good results, low costs and risks using the arthroscopic or minimal open procedures in moderate and severe chronic hemophilic knee, elbow and ankle arthropathy led us to consider these interventions as precursor steps to potential major surgeries as osteotomy, arthrodesis or total arthroplasty.
Hemorrhagic complications can be avoided and controlled through an expert hematological surveillance and care. Preoperative level of deficient coagulation factor of 80%-100% must be achieved and maintained using the continuous infusion in the first 48 hours.
The severity of the manifestations depends on the rest activity of factor VIII or IX and on the quality of the substitution treatment. The management of hemo- philia needs multidisciplinary approach in a specialized centre and it is extremely expensive. However, with correct substitution treatment, orthopaedic surgery can be performed with acceptable risks and satisfying results.
CONCLUSION
Arthroscopic or minimal open procedures represent the best choice for the treatment of hemophilic arthropathies. More aggressive procedures (osteotomies, arthrodesis or total arthroplasty) have to be reserved for the most severe cases.
Hemorrhagic complications can be avoided and controlled through an expert hematological surveillance and care. Preoperative level of deficient coagulation factor of 80%-100% must be achieved and maintained using the continuous infusion in the first 48 hours. G/G */* -preoperational and end of follow-up value; N/A -not available; G -good; S -satisfactory; P -poor */* -vrednost pre operacije i na kraju lečewa; N/A -nedostupan podatak; G -dobar; S -zadovoqavajući; P -loš
